Introduction
The chemistry of sulphonamides and their N-halo compounds is of interest due to their distinct physical, chemical and biological properties. They exhibit pharmacological, fungicidal and herbicidal activities due to their oxidising action in aqueous, partial aqueous and non-aqueous media [1 -7] . In an effort to introduce N-(halo)-arylsulphonamides of different oxidising strengths, we have recently reported the synthetic and spectroscopic studies on several arylsulphonamides, N-(chloro)-arylsulphonamides and N,N-(dichloro)-arylsulphonamides [8 -13] and employed them as oxidants for studying the kinetics of reactions of several substrates [14 -18] . This paper re-0932-0784 / 04 / 0400-0239 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ports the synthesis, characterization, infrared, and 1 H and 13 C NMR spectral studies on thirty N-(p-substituted phenyl)-p-substituted benzenesulphonamides of the general formula, p-X'C 6 H 4 SO 2 NH(p-XC 6 H 4 ), where X' or X = H, CH 3 , C 2 H 5 , F, Cl or Br.
Experimental

Materials and Methods
Preparations of N-(p-substituted phenyl)-p-substituted benzenesulphonamides (Table 1 ) involved two steps, (i) chlorosulphonation of substituted benzenes to the corresponding p-substituted benzenesulphonylchlorides and (ii) conversion of the latter to the respective sulphonamides [8, 19 -22] . 470.6m 432.9m s = strong, m = medium and w = weak (i) Chlorosulphonation of substituted benzenes with chlorosulphonic acid: The substituted benzene (10 g) was dissolved in chloroform (50 cc). The solution was cooled to 0 • C and treated dropwise with chloro- 442.6w 472.5w s = strong, m = medium and w = weak sulphonic acid (50 g). After the initial evolution of hydrogen chloride subsided, the reaction mixture was brought to room temperature. The contents were poured into crushed ice in a beaker. The chloroform (ii) Conversion of sulphonyl chlorides to sulphonamides with p-substituted anilines: The p-substituted benzenesulphonylchloride prepared as above was boiled for ten minutes with a p-substituted aniline in the stoichiometric ratio. The reaction mixture was cooled to room temperature and added to ice cold water (100 cc). The resultant solid N-(p-substituted phenyl)-p-substituted benzenesulphonamide was filtered under suction and thoroughly washed with cold water. It was then recrystallised to constant melting point from dilute ethanol. The purity of all the reagents was checked by determining their melting points (Table 1) .
Spectral Measurements
I n f r a r e d S p e c t r a: Infrared spectral measurements were made on a JASCO-430 (Japan), FT-IR 1 H and 13 C N M R s p e c t r a: The proton NMR spectra of all the N-(p-substituted phenyl)-p-substituted benzenesulphonamides were measured on a BRUKER Ac 300F, 300 MHz FT-NMR spectrometer. The spectra were recorded in CDCl 3 and DMSO with tetramethylsilane (Me 4 Si) as internal standard. The experimental conditions employed were as follows; The spectral frequency (SF) was kept at 300.134 MHz, sweep width (SW) at 6024.096, pulse width (PW) at 8.0, relaxation delay (RD) of 1.0 (sec), acquisition time (AQ) was 1.360 (sec), receiver gain (RG) 10, decoupling power (DP) was 63L CPD, filter to suppress noise (LB) 0.0, reference value (SR) was set at 4125.36 ppm for H 2 O internally. For 13 C NMR spectra, the spectral frequency (SF) was kept at 75.469 MHz, sweep width (SW) at 22727.273, pulse width (PW) at 5.0, relaxation delay (RD) of 1.0 (sec), acquisition time (AQ) was 0.360 (sec), receiver gain (RG) 400, decoupling power (DP) was 14H CPD, filter to suppress noise (LB) 6.0, reference value (SR) was set at 701.89 ppm for DMSO at 39.5 ppm externally.
Results and Discussion
Infrared Spectra
The selected infrared absorption frequencies of all the N-(p-substituted phenyl)-p-substituted benzenesulphonamides are shown in Tables 2 -8 . The assignment of these important frequencies to various modes of vibrations are also indicated in the tables. The details of assignments of various bands in organic compounds, in general, is described elsewhere [23 -25] . The range of group absorptions has been assigned based on many compounds in which the groups occur. The precise frequency or wavenumber at which a specific group absorbs is dependent on its environment in the molecule and on its physical state [23, 24] .
The N-H stretching vibrational frequencies (ν N−H ), of N-(p-substituted phenyl)-p-substituted benzene- respectively [8] . The S-N and C-N stretching absorptions were observed in the ranges, 937 -898 cm −1 and 1310 -1180 cm −1 , respectively, in agreement with the assignments of bands in literature. The assignment of other frequencies to various modes of vibrations of the ring (Tables 2 -8 ) are similar to those in arylsulphonamides, N-(chloro)-arylsulphonamides and other aromatic organic compounds [8, 9, 11, 13, 23, 24] . There are no particular trends in the variation of the frequencies on substitution with either electron withdrawing or electron donating groups. The various chemical shifts are assigned to the protons of two benzene rings in line with those for similar compounds [8, 23, 24, 26 -31] . 1 H chemical shifts of benzene, substituted benzenes, aniline and substituted anilines were measured under identical conditions and included in Table 11 . Further, the incremental shifts due to -SO 2 NH(p-XC 6 H 4 )groups in the compounds of the formula, C 6 H 5 SO 2 NH(p-XC 6 H 4 ), and p-X'C 6 H 4 SO 2 -and p-X'C 6 H 4 SO 2 NH-groups in the compounds of the type, p-X'C 6 H 4 SO 2 NH(C 6 H 5 ), were computed and used to calculate the 1 H chemi- Table 12 . Then the chemical shifts of the H-2',6' and H-3',5' protons in p-X'C 6 H 4 SO 2 NH(p-XC 6 H 4 ) were calculated in two ways. In the first method, the chemical shifts of H-2',6' and H-3',5' protons were calculated by adding the incremental shifts due to -SO 2 NH(p-XC 6 H 4 ) (X = H, CH 3 , F, Cl or Br) and the substituent X' (CH 3 , C 2 H 5 , F, Cl or Br) (Table 13 ) to the benzene proton value of 7.27 ppm (calc. 1). In the second method (calc. 2), the chemical shifts of H-2',6' and H-3',5' protons in p-X'C 6 H 4 SO 2 NH(p-XC 6 H 4 ) were computed by adding the incremental shifts due to -SO 2 NH(p-XC 6 H 4 ) (X = H, CH 3 , F, Cl or Br) to the chemical shifts of the corresponding protons in substituted benzenes (Table 11) . Similarly, the incremental shifts of H-2,6; H-3,5 and H-4 protons due to p-X'C 6 H 4 SO 2 -(X' = H, CH 3 , C 2 H 5 , F, Cl or Br) groups, in p-X'C 6 H 4 SO 2 NH(C 6 H 5 ) Tables 15 and 16 . Further, the incremental shifts of H-2,6; H-3,5 and H-4 protons due to p-X'C 6 H 4 SO 2 NH-(X' = H, CH 3 , C 2 H 5 , F, Cl or Br) groups, in p-X'C 6 H 4 SO 2 NH(C 6 H 5 ) were computed by comparing the chemical shifts of H-2,6; H-3,5 and H-4 protons in these compounds with the benzene proton value of 7.27 ppm. The computed incremental shifts are shown in Table 12 . Then the chemical shifts of the H-2,6 and H-3,5 protons in the parallely substituted compounds, p-X'C 6 H 4 SO 2 NH(p-XC 6 H 4 ) were also calculated in two more ways (calc. 5 and 6). In method 5, the H-2,6 and H-3,5 proton chemical shifts were calculated by adding the incremental shifts due to p-X'C 6 H 4 SO 2 NH-(X' = H, CH 3 , C 2 H 5 , F, Cl or Br) and the substituent X (CH 3 , F, Cl or Br) (Tables 12 and 13) to the benzene proton chemical shift of 7.27 ppm. In the other method (calc. 6), the chemical shifts of H-2,6 and H-3,5 protons were calculated by adding the incremental shifts due to p-X'C 6 H 4 SO 2 NH-(X' = H, CH 3 , C 2 H 5 , F, Cl or Br) to the corresponding proton chemical shifts of the substituted benzenes (Table 11) . The values calculated by the methods 5 and 6 are also shown in Tables 15 and 16 . The comparisons revealed that there is a good agreement between the four sets of calculated chemical shifts and the experimental values. It is evident from these that the different procedures of calculation lead to almost the same values in most cases, confirming the validity of the principle of additivity of the substituent effects in these compounds.
1 H NMR Spectra
3.3.
13 C NMR Spectra 13 C chemical shifts of aromatic and alkyl carbons of all the N-(p-substituted phenyl)-p-substituted benzenesulphonamides are shown in Tables 17 and 18 . The various chemical shifts are assigned to the different carbons in the two benzene rings in conformity with the literature for similar compounds [8, 23 -31] . 13 C chemical shifts of benzene, substituted benzenes, aniline and substituted anilines were measured under identical conditions and included in Ta- shown in Tables 22 -26 . It is evident from the calculated shifts that the different procedures of calculation lead to almost the same values in most cases, confirming the validity of the principle of additivity of the substituent effects with 13 C chemical shifts also. The incremental shifts of the aromatic carbons due to the groups -SO 2 NH(p-XC 6 H 4 ), p-X'C 6 H 4 SO 2 -and p-X'C 6 H 4 SO 2 NH-are found to reasonably correlate with the corresponding Hammett meta and para substituent parameters. Further, the chemical shifts of C-1 and C-4; C-1' and C-4'; C-1 and C-4'; and C-1' and C-4; are found to intercorrelate with each other.
